Jaffe and Palmer (1997) present three distinct variants of the so-called Porter Hypothesis. The "weak" version of the hypothesis posits that environmental regulation will stimulate certain kinds of environmental innovations. The "narrow" version of the hypothesis asserts that flexible environmental policy regimes give firms greater incentive to innovate than prescriptive regulations, such as technology-based standards. Finally, the "strong" version posits that properly designed regulation may induce cost-saving innovation that more than compensates for the cost of compliance. In this paper, we test the significance of these different variants of the Porter Hypothesis using data on the four main elements of the hypothesised causality chain (environmental policy, research and development, environmental performance and commercial performance). The analysis is based upon a unique database which includes observations from approximately 4200 facilities in seven OECD countries. In general, we find strong support for the "weak" version, qualified support for the "narrow" version, and qualified support for the "strong" version as well.
Introduction
Porter (Porter, 1991; Porter and van der Linde, 1995) has suggested that pollution is generally associated with a waste of resources, or with lost energy potential: "Pollution is a manifestation of economic waste and involves unnecessary or incomplete utilisation of resources… Reducing pollution is often coincident with improving productivity with which resources are used" (Porter and van der Linde 1995: 98, 105) . From this reasoning, Porter argues that 'properly designed environmental regulation can trigger innovation that may partially or more than fully offset the costs of complying with them ' (1995, p.98) . This has come to be known as the Porter Hypothesis (PH). In other words, it is possible to reduce pollution and costs at the same time, resulting in "win-win" situations, contrary to the traditional paradigm. This line of reasoning can be represented by the following diagram:
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The Porter Hypothesis is controversial. First, the evidence initially provided in its support is based on small number of company case studies, in which firms were able to reduce both their pollution emissions and their production costs. As such, it can hardly be generalized to the entire population of firms. Second, economists would suggest that, in a perfectly competitive economy, if there are opportunities to reduce costs and inefficiencies, companies could identify them by themselves without the help of the government (Oates et al. 1995) .
Indeed, Ambec and Barla (2005) argue that, analytically speaking, for the Porter Hypothesis to be valid, at least one market imperfection is required in addition to the environmental externality. Examples of such market failures include spillovers in knowledge (Jaffe et al., 2004) or in learning-by-doing (Mohr, 2002) , or market power (Simpson and Bradford, 1996, Greaker, 2003) . Alternatively, they may arise out of systemic organisational failures within the firm, such as contractual incompleteness (Ambec and Barla, 2005) , asymmetric information (Ambec and Barla, 2002) , and agency control problems (Gabel and Sinclair-Desgagné 2002) . Jaffe and Palmer (1997) present three distinct variants of PH. In their framework, the "weak" version of the hypothesis is that environmental regulation will stimulate certain kinds of environmental innovations, although there is no claim that the direction or rate of this increased innovation is socially beneficial. The "narrow" version of the hypothesis asserts that flexible environmental policy instruments such as pollution charges or tradable permits give firms greater incentive to innovate than prescriptive regulations, such as technology-based standards. Finally, the "strong" version posits that properly designed regulation may induce innovation that more than compensate for the cost of compliance. While many researchers have tested different versions of the Porter Hypothesis empirically, the studies are often partial and the results ambiguous (see next section below).
Given the growing importance of environmental issues in public policy, the challenging and controversial nature of the Porter Hypothesis, and the mitigated nature of the empirical results obtained thus far, assessment of the hypotheses remains an open research question. In this paper, we use a unique database collected by the OECD in 2003 to test the significance of all the links in the causality chain presented above. This database includes observations from approximately 4200 facilities in seven OECD countries (USA, Canada, Japan, Germany, France, Hungary and Norway). Data was collected on the perceived stringency of the environmental policy regime, the use of different policy instruments (command-and-control regulation, environmentally related taxes, etc.), R&D expenditures allocated specifically to environmental matters, environmental performance with respect to a number of different impacts, business performance, and a number of control variables 2 . To our knowledge, this is the first study to test all the variants of the Porter Hypothesis using data on the four main elements of the causality chain (environmental policies of different types, technological innovation, environmental performance and commercial performance). This allows us to obtain greater insight on the mechanisms at play, and on the empirical validity of the Porter
Hypothesis.
The rest of the paper is organized as follows. Section 2 provides a brief literature review on the empirical work related to the Porter Hypothesis. A more complete review can be found in Ambec and Barla (2006) , Ambec and Lanoie (2007) . Section 3 presents the empirical model, the econometric strategy and the data. Section 4 outlines the empirical results, while Section 5 provides concluding remarks
Literature survey
We distinguish two broad sets of empirical studies. A first set estimates the impact of environmental regulations on firm's innovation policy and technological choice, as measured by investment in R&D, in capital and new technologies, or successful patent applications.
These studies test the first premise of the Porter Hypothesis that more stringent environmental regulations enhance innovation, or the "weak" version. None of them really present information on the "narrow" version of the PH, although some of them provide indirect evidence in this area as well, as will be discussed below. In the second set, the impact of environmental regulation is estimated on measures of firms' performance, such as productivity and costs. The aim is to test whether more stringent environmental policies can be commercially beneficial to the firm, i.e. the "strong" version. Yet these papers are silent on the process that leads to higher productivity.
In the first set of papers, Jaffe and Palmer (1997) estimate the relationship between total R&D expenditures and the number of successful patent applications on pollution abatement costs (a proxy for the stringency of environmental regulation) in U.S. manufacturing. They found a 2 discuss the background of the project, and present an overview of the data.
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positive link with R&D expenditures (an increase of 0.15% in R&D expenditures for a pollution abatement cost increase of 1%), but no statistically significant link with the number of patents. Also drawing upon U.S. data, but restricting themselves to environmentally-related successful patents, Brunnermeier and Cohen (2003) found a positive but small relationship with environmental regulation. Both studies suggest a weak but positive link between a more stringent environmental policy regimes and the firm's innovation policy. Popp (2006) provides evidence that the introduction of environmental regulation on sulphur dioxide in the U.S., and on nitrogen dioxides in Germany and Japan, was shortly followed by a very significant increase in the number of relevant patents. Arimura et al. (2007a) found a positive and significant relationship between environmental regulation stringency and the probability of investing in environmental R&D.
Interestingly, in the same vein, two studies find a negative relationship between environmental regulations and investment in capital. Nelson et al. (1993) found that air pollution regulations significantly increased the age of capital in U.S. electric utilities in the 1970s, with the age of capital assumed to be negatively related with environmental performance. According to Shadbegian (1998, 2003) , more stringent air and water regulations have a significant impact on paper mills' technological choice in the U.S. However, their results suggest that it tends to divert investment from productivity to abatement, consistent with the standard paradigm.
The second set of studies, which focuses on the effects of regulation on productivity, has a long tradition in economic literature (see Jaffe et al., 1995, for a review) . Most papers reviewed in Jaffe et al. (1995) highlight a negative impact of environmental regulation on productivity. For instance, Gallop and Robert (1983) estimated that SO 2 regulations slowed down productivity growth in the U.S. in the seventies by 43%. More recent papers find positive results more in line with the "strong" version. For example, Berman and Bui (2001) report that refineries located in the Los Angeles area enjoyed a significantly higher productivity than other U.S. refineries despite a more stringent air pollution regulation in this area. Similarly, Alpay et al. (2002) estimated the productivity of the Mexican food processing 5 industry to be increasing with the pressure of environmental regulation. They therefore suggest that a more stringent regulation is not always detrimental to productivity 3 .
As mentioned above, due to data availability, no study has been able to conduct a direct test of the "narrow" version of PH, which hypothesises that market-based instruments are more likely than traditional "command-and control" measures to induce environmental innovation.
However, Burtraw (2000) This resulted in more intense competition in the markets for high-sulphur and low-sulphur coal, which reduced the price of inputs. The industry also experienced technological innovation with respect to fuel blending and in the scrubber market. The former "commandand-control" regulations had not provided incentives to increase SO 2 removal by scrubbers by more than the 90% or 70% prescribed in the standard. With the new program, there were incentives for further upgrading of scrubber efficiency.
Furthermore, a number of papers have emerged from the OECD project from which the data for this paper is drawn, three of them being more closely related to our research agenda. First, Arimura et al. (2007a) use a bivariate probit model to examine the link between the stringency of environmental policies and environmental R&D, in which the second dependent variable reflects whether or not a facility has put in place an environmental accounting system. They find that overall perceived stringency is associated with more environmental research, but find no specific influence for any of the individual policy instruments available (technology-based standards, performance-based standards, pollution taxes, etc. 
Empirical model, econometric strategy and data
The database
The data was collected by means of a postal survey undertaken in seven OECD countries (Canada, France, Germany, Hungary, Japan, Norway and the United States) at the facility level in early 2003 (see www.oecd.org/env/cpe/firms for a discussion of sampling procedure and survey protocol). The data covers facilities with more than 50 employees in all manufacturing sectors. The diversity in countries and sectors sampled implies a greater variation across policy frameworks, technological opportunities, and other factors which will allow for the generation of more reliable estimates of different potential determinants of environmental innovation and performance.
Respondents were CEOs and environmental managers. Response rates range from approximately 9% to 35%, with a weighted mean of almost 25% (see Table 1 Significantly, there are a large number of observations from smaller facilities for which response rates are usually much lower in such surveys. Indeed, in many previous studies small and medium sized enterprises are not sampled at all, a significant shortcoming as regulators increasingly seek to influence the behaviour of smaller sources. In the sample, over 2500 facilities can be characterized as small or medium sized enterprises (< 250 employees).
One concern with such a survey is that for strategic or other reasons respondents might be inclined to report relatively better environmental performance than is in fact the case.
However, this is not a shortcoming which is particular to this study. Indeed, self-reporting is typical when dealing with environmental performance data (e.g., TRI data are self reported).
Reassuringly, there is considerable variation in the data, and a fair number of respondents have reported worsening environmental performance over the course of the study period (see below).
It is difficult to corroborate the survey responses with other data sources since data of this kind is rarely collected, and when this is the case either the sample or the questions are very The correlation between the two variables is positive and significant in all cases, with correlation coefficients in excess of 0.6 for five of seven countries. The outliers are frequently those sectors for which the survey has a small number of observations.
The model and the econometric strategy
Following the representation of the Porter hypothesis depicted in Figure 1 , the three "versions"
will be tested by estimating the following three equations, using a two-stage estimation procedure with proper instruments: i) an Environmental R&D equation; ii) an Environmental performance equation, and iii) a Business performance equation. where the β k , δ k and θ k are parameters to be estimated, and ε i , η i and λ i are error terms:
. and λ i ~ N(0, 1) 8 . Observations from respondents who indicated that the impact area is 'not applicable' are treated as missing.
Dependent variables
For each type of environmental impact, we multiply the perceived "importance" of the problem (scaled from 1 to 3) and the perceived "change" (scaled from 1 to 5) that occurred in the last three years. These values are then summed across the five impact areas, to give a 8 : η i and λ i are, formally, the error terms of the model involving the unobserved latent variables.
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potential maximum of 75 and minimum of 15. The following figure provides the distribution the ENVIRONMENTAL PERFORMANCE variable on a scale 9 from 15 to 75. Previous authors who have used this database (Johnstone et al, 2007b have constructed a binary variable taking the value 1 when a facility reports that there has been a "significantly decrease" or "decrease" with respect to a specific environmental impact, and 0 otherwise. As such, information with respect to the perceived potential "importance" of the impact arising out of the facility's specific production activities has not been applied. We consider our measure of environmental performance to be richer.
For the BUSINESS PERF variable, we use the answer, on a five-point scale, to the following question:
9 The scale could be below 15 for facilities which reported that one or more impact areas was "not applicable".
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How would you assess your facility's overall business performance over the last three years? (revenue has been so low as to produce large losses, revenue has been insufficient to cover costs, revenue has allowed us to break even, revenue has been sufficient to make a small profit, revenue has been well in excess of costs)
Given the nature of these three dependent variables, equation (1) is estimated using a Probit model, equation (2) with an OLS, and equation (3) with an Ordered Probit. In addition, for the ENVIRONMENTAL R&D equation we use an instrument because of suspected simultaneity between ENVIRONMENTAL R&D and BUSINESS PERF (as well as between ENVIRONMENTAL R&D and ENVIRONMENT PERF). Specifically, the decision to invest in environmental R&D may be influenced by unobserved factors which also affect business performance (and environmental performance). Such factors might include the personal preferences of the manager (or the CEO), the structure of the firm, the links between the R&D department and the decision makers in the firm, etc. If the potential simultaneity between the two variables is not addressed, we would obtain biased estimates.
As such, it is necessary to identify an instrument correlated with the decision to invest in environmental R&D, but which is not directly correlated with business performance (and environmental performance). We use the average percentage of facilities in the same sector and same country with a specific environmental R&D budget as the instrument (INSTRUMENT R&D). This is assumed to be correlated with the decision to undertake environmental R&D in the specific facility, but to have an insignificant impact on the facility's business performance. This type of instrument is common in the industrial organization literature 10 where, for instance, the average price of a product on markets different than that under consideration (i.e. neighbouring states) is widely used. 14 ENVIRONMENTAL PERF is the fitted value of the preceding equation 11 , and the variable FIT ENVIRONMENTAL R&D is also the fitted value of the ENVIRONMENTAL R&D equation.
Independent variables
Environmental R&D Equation
Regarding the environmental policy variables, we note first that the STRINGENCY indicators are obtained from responses to the following question:
How would you describe the environmental policy regime to which your facility is subject?
-Not particularly stringent, obligations can be met with relative ease -Moderate stringency, require some managerial and technological responses -Very stringent, has a great deal of influence on decision-making in the facility
Given that it might be considered arbitrary to apply a continuous variable with the scale 1, 2, and 3, and that perceived stringency could vary in a non-linear fashion, we constructed two dummy variables STRINGENCY1, which is equal to 1 if the answer is 1, and 0 otherwise; and STRINGENCY3, which is equal to 1 when the answer is 3, and 0 otherwise (STRINGENCY2 is the reference case). According to PH, the sign of the estimated coefficient of STRINGENCY3 should be positive. It is expected that STRINGENCY1 will have a negative impact.
For four different types of environmental policy instrument (technology-based standard, performance-based standard, input tax, emission or effluent charge) respondents were requested to:
Please assess the following environmental policy instruments in terms of their impacts on your facility's production activities. (not important, moderately important, very important, not applicable).
In this case, "not applicable" is taken as the reference case. TECH-STANDARDS1 is a dummy variable equal to 1 when the answer for the item "technology-based standards" are considered not important, and zero otherwise, and so on for the other two TECH-STANDARDS variables and for the PERF-STANDARDS variables. The variables TAX1, TAX2 and TAX3 are similar, but they combine the two items "input taxes", and "emission or effluent taxes or charges" 12 . Again, with regards to the "weak version" of the PH, all these variables are expected to have a positive influence on the probability to have a specific R&D budget allocated to environmental matters. In line with the "narrow" version, we expect the more flexible tax policies to have a stronger impact than the regulatory measures (technologybased and performance-based standards).
Concerning the control variables, we first introduce COUNTRY and SECTOR dichotomous variables to capture unobservable specific influences related to the country or the sector of activity. The AGE of the facility is included, and its expected sign is ambiguous. On the one hand, older facilities may use older technologies, and therefore have a greater need for research and development on environmental matters. On the other hand, older facilities may face less stringent regulations than new ones, and have lower incentives to do environmental R&D. We use the EMPLOYMENT level as a proxy for the size of the facility. In the Schumpeterian view, it is expected that larger facilities are more likely to do research, but that this relation may be non-linear (EMPLOYMENT 2 ) (see Jaumotte and Pain 2005 for a review.)
As in many other papers, we use these measures in log form. Standard theory has ambiguous predictions concerning the impact of market concentration on innovation (CONCENTRATION1 and CONCENTRATION2) 13 . The Schumpeterian view predicts that 12 Other policy instruments were also listed in this question like subsidies or voluntary agreements. However, given that, in policy discussions, the focus is often put on the "command-and-control" versus "economic instruments" debate, and in order to avoid multicollinearity problems, we kept only the items mentioned above.
facilities in more concentrated industries are more likely to invest in research since they can enjoy the monopoly rents from any innovations identified as a consequence of the R&D. In contrast, in the Arrovian view, firms which enjoy market power tend "to rest on their laurels" (e.g., Tirole, 1989) , which leads to the opposite prediction.
We also include three variables to capture important characteristics of the firm to which the facility belongs. First, the variable MULTI-FACILITY reflects whether the facility belongs to a multi-facility enterprise. It is expected that facilities in multi-facility firms are more likely to invest in research on environmental matters because of the potential spillovers across plants.
Second, a variable reflects if the firm's head office is located in a foreign country (FIRM INTL), in order to test whether or not multinational firms are more likely to be concerned with environmental issues, and to take concrete actions, such as devoting a specific budget to R&D.
Third, FIRM QUOTED reflects whether or not a facility belongs to a company quoted on the stock market. It is expected that firms on the stock exchange are more likely to signal their concern for environmental matters to potential investors. In addition, due to the difficulties frequently encountered in financing R&D, a stock market listing may ease some of the constraints.
Finally, we include variables to reflect the characteristics of the facility's market. The first one, PRIMARY CUST is equal to 1 when the primary customers of the facility's products are "households" or "wholesalers or retailers", and 0 otherwise. In the same vein as with the preceding variable, it is expected that facilities who deal directly with customers or retailers may have greater incentive to signal their actions related to environmental issues. We also have three variables to capture the spatial scope of the market in which they operate (MARKETSCOPE1, MARKETSCOPE2, MARKETSCOPE3) 14 . It is expected that facilities with a more global market scope are more likely to have a specific environmental R&D budget.
CONCENTRATION1 is a dummy variable equal to 1 if the answer is 1 and 0 otherwise; CONCENTRATION2 is a dummy variable equal to 1 if the answer is 2 and 0 otherwise. 14 The MARKETSCOPE variables are obtained from responses to the question: What best characterises the scope of your facility's market? (Please tick only one box) 1.Local ; 2. National ; 3.Regional (neighbouring countries) ; 4. Global. MARKETSCOPE2 is a dummy variable equal to 1 if the answer is 2 and 0 otherwise;MARKETSCOPE3 is a dummy variable equal to 1 if the answer is 3 and 0 otherwise, etc.
Environmental Performance Equation
In this equation, we have the same independent variables, except for the instrument, and for the FIT ENVIRONMENTAL R&D variable, which is the fitted value of the preceding equation. This variable is expected to positively influence environmental performance.
Regarding the expected signs of the other independent variables, we postulate that the same arguments prevailing in the preceding equation are relevant, i.e., variables influencing positively the probability to have a specific environmental R&D budget are likely to influence positively the environmental performance. Regarding the environmental policy variables, economic analysis does not provide insights as to whether 'direct' regulations or 'marketbased' instruments are more likely to induce increased efforts to improve environmental performance at the level of the individual facility. In the face of facility heterogeneity, there are nevertheless good reasons to expect that variation in environmental performance will be greater under market-based instruments than under direct regulations. Indeed, the case for introducing market-based instruments is typically made on the basis of the cost-savings which arise out of the efficient allocation of efforts across heterogeneous facilities, not with respect to enhanced environmental effectiveness within facilities.
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Business Performance Equation
Here also, the same independent variables as in the preceding equation are used, except that we add the variable FIT ENVIRONMENTAL PERF. In line with Porter's argument and with results obtained in previous studies (e.g. Darnall et al., 2007) , the coefficient of this variable should be positive, as well as the coefficient of the FIT ENVIRONMENTAL R&D variable.
The arguments concerning the expected signs for the other independent variables are fairly intuitive. In the next section, they will be discussed in details for the variables that turn out to be significant. Business Perf. Assessment of overall business performance (1=revenue has been so low as to produce large losses; 2=revenue has been insufficient to cover costs; 3=revenue has allowed us to break even; 4=revenue has been sufficient to make a small profit; 5=revenue has been well in excess of costs) (1), (2) and (3). In order to have a sense of the robustness of our results, we also provide three alternative approaches. In each case, we define one of the three dependent variables in an alternative manner. In column (2) of each panel, we repeat the same exercise, but with total R&D expenditures as a measure of innovation generated by more rigorous environmental regulation 16 . Indeed, Porter suggests that the stringency of environmental policies should lead to more innovation, but he does not mention specifically the effect on environmental R&D. Jaffe and Palmer (1997) use total R&D in their evaluation of the PH. In column (3) of each panel, we repeat the exercise using a "0,1" measure of environmental performance, as discussed above and suggested by Darnall et al. (2007) and Johnstone et al. (2007b) . Finally, in column (4) of each panel, we use the evolution of shipments instead of profits as a measure of business performance. In this case, the environmental R&D and environmental performance equations are not affected.
Empirical results
Column (1) remains our "preferred" specification: environmental R&D is more likely to be affected by environmental policies than total R&D; our measure of environmental performance is more precise and complete than a "0,1" measure; and, profits is better approximation of business performance than sales. We will thus start our discussion by focusing on column (1). 
Environmental R&D Equation
In our first equation, the dependent variable is a binary variable indicating the existence or not of a specific R&D budget for environmental matters in the facility. It is estimated using a Probit, with an instrument defined as the average percentage of facilities in the same sector and same country with a specific environmental R&D budget. This variable,
INSTRUMENT R&D, has a positive and strongly significant coefficient.
Regarding the environmental policy variables, we first find that perceived policy stringency plays a significant role. If the environmental policy regime is perceived as "very stringent" (STRINGENCY3), this has a positive and significant impact on the probability of having a specific R&D budget devoted to environmental issues.
Analogously, when the regime is perceived as being "not particularly stringent"
(STRINGENCY1), it has a negative impact on the probability to have a specific environmental R&D budget. Policy instrument choice also matters. When performancebased standards are perceived as "moderately important" or "very important" (PERF-STANDARDS2 and PERF-STANDARDS3), this has a positive and significant impact on the probability of having a specific R&D budget for pollution control. None of the other policy variables has a significant coefficient.
These results provide support for the "weak" version of PH, but not for the "narrow" one, since flexible instruments like pollution taxes are not those with the strongest impact on environmental innovation. This may be simply due to the fact that these instruments are not very widespread (Johnstone et al., 2007, and OECD, 2006) , and that, when they are used, they are not very stringent (OECD, 2006) . However, the finding that performance standards have an impact, but not technology-based standards, is reassuring. Indeed, when technology-based standards are used, the pollution control technology to be adopted by facilities is prescribed so that, not surprisingly, they are not induced to identify other options through investment in R&D. With performance standards, facilities have more flexibility to choose how they will meet standards and thus the returns on research are potentially greater. Actually, our results suggest that more "flexible" regulations (performance standards) have more impact on environmental innovation than more prescriptive measures (technology-based standards), which is in line with Porter's narrow version.
Among the control variables, it is noteworthy that Japanese facilities are significantly more likely to have a specific R&D budget for environmental matters than the reference country (Canada). The facilities whose market scope is regional (MARKETSCOPE3) have a lower probability to have a specific R&D budget for environmental matters than the reference case (local markets). This suggests that facilities which put the emphasis on their local market may have a greater incentive to signal their willingness to improve their environmental performance. Furthermore, facilities in more concentrated markets (CONCENTRATION1, CONCENTRATION2) have a higher probability to invest in research on environmental issues. This contrasts with the result in Brunnermeir and
Cohen (2003) who find that environmental R&D is more important in more competitive industries. However, we find no effect of facility size on the probability to have a specific environmental R&D budget.
Our results are comparable with those of Jaffe and Palmer (1997) who find a significant impact of environmental regulation on R&D expenditures, but no effect on patents. Arimura et al. (2007b) have also used this database to assess whether more stringent environmental policy regimes are associated with greater environmental innovation.
They find, as in this paper, that the perceived stringency of the environmental policy regime plays a positive and significant role, but that none of the other policy variables is significant. However, their econometric approach is different than ours 17 .
Environmental Performance Equation
In this case, the number of observations is reduced to 1656, primarily because there are a large number of missing observations for the environmental performance question relating to "global pollutants". Given the continuous nature of the ENVIRONMENTAL PERF variable (described above), an OLS model is applied. In this equation, an instrument is used, INTRUMENT ENV PERF, which is the average environmental performance of the facilities in the same sector in the same country. It has a positive coefficient, as expected, and it is highly significant. Furthermore, the variable FIT ENVIRONMENTAL R&D is the fitted value of the preceding equation that was estimated with a similar instrument as that just mentioned. The coefficient of this fitted variable has a positive sign, as expected, but is not significant.
Regarding the environmental policy variables, most are positive and significant, suggesting, as expected, that more stringent policies improve environmental performance.
Generally speaking, this is consistent with previous literature on the effectiveness of environmental policy in reducing pollution (Magat and Viscusi, 1990; Gray and Deily, 1996; Laplante and Rilstone, 1996; Lanoie et al., 1998; Lanoie et al., 2002) .
Three results are particularly noteworthy. First, the perceived stringency of the performance standards has a more important impact than that of the technology-based standards as suggested by theory 18 . As far as we know, this is a new result in the literature since previous researchers did not have access to information detailed enough to investigate this question.
Second, when the environmental policy regime is perceived as "very stringent"
(STRINGENCY3), this has a positive and significant impact on environmental performance. Analogously, when the regime is perceived as "not particularly stringent" (STRINGENCY1), it has a negative and significant impact on environmental performance.
Third, environmental taxes have a significant impact only when they are perceived as being very important (TAX3). This suggests that taxes provide incentives to reduce pollution only when they are high enough, which is not very common in OECD countries (OECD, 2006) . Again, there are few comparable results in the literature given constraints on data availability.
Among the control variables, the dummy variable for Hungarian facilities is negative and significant, indicating they are less likely to report improvements in environmental performance than the reference country (Canada). For France and the U.S., the variable is positive and significant. The sector dummy variables are all negative relative to the reference sector (Recycling and other). The SIZE, the AGE, the market SCOPE and the market CONCENTRATION variables do not have a significant impact.
Interestingly, the fact that primary customers are primarily households and/or retailers (PRIMARY CUST.), as opposed to other manufacturing firms, or other manufacturing units within the same firm, has a negative impact on reported environmental performance. This may suggest that the environmental performance is becoming more important in business-to-business (B2B) trading. For instance, facilities with ISO14001 are required to check the environmental performance of their suppliers. Finally, the finding that a facility belongs to a MULTI-FACILITY firm is associated with improved environmental performance suggests that there could be beneficial transfers of technology or expertise across facilities.
Estimates of environmental performance are included in two other papers of the OECD project (Johnstone et al., 2007b . It is very difficult to compare our results with those of Johnstone et al. (2007b) since they estimate distinct equations for three types of pollutants (water, air, waste). Darnall et al. (2007) also find that regulatory influences have a positive impact on the overall environmental performance of facilities.
However, they use an aggregate measure of the stringency of environmental policy regimes (issued from a factor analysis), and not individual measures as we do.
Furthermore, they find that facilities with an environmental R&D budget have better environmental performance but, contrary to us, they do not instrument this variable. However, the direct effect of STRINGENCY 3 on business performance is negative, and the size of this effect is larger in absolute value than the positive indirect effect described above (-0,14) . In terms of the PH, one can say that "innovation only partially offset the costs of complying with environmental policies". This may mean, for instance, that a large part of the investments necessary to comply with regulation represent additional production costs, such as through investment in end-of-pipe abatement. While some of these costs may be offset by the efficiency gains identified through investment in R&D, the net effect remains negative. This intuition is indirectly confirmed by Frondel et al. (2007) who find that the decision to invest in end-of-pipe technologies is linked to the stringency of environmental policies, while the decision to invest in integrated clean production is rather influenced by "cost savings" motivations 20 . No other environmental policy variable is significant, nor is the FIT ENVIRONMENTAL PERF variable.
Business Performance Equation
19 PH does not necessarily imply that the environmental performance influences business performance, and the nature of the results was not altered without the variable FIT ENVIRONMENTAL PERF. 20 One of the questions in the questionnaire was: «How important do you consider the following motivations to have been with respect to the environmental practices of your facility ?" Cost savings was one of the potential items to be evaluated by the respondents.
Among the control variables, we find that American, Norwegian, German, Japanese and Other researchers have examined the link between environmental performance and business performance with a simpler approach than that developed here, paying less attention to the role of environmental policy and environmental R&D, and making no attempt to deal with endogeneity issues (Hart and Ahuja, 1996; Russo and Fouts, 1997; Konar and Cohen, 2001) . In general, they find a positive relationship between environmental performance and business performance. Performance equation, the coefficient of FIT TOTAL R&D is positive as expected, but no longer significant. Interestingly, the variable STRINGENCY3 is no longer negative and significant, but the variable TAX3 becomes negative and weakly significant 30 indicating that, overall, environmental policies are costly in terms of business performance, which was also the conclusion in our preferred version.
When we use a "0-1" environmental performance variable (column 3), there is no change in the Environmental R&D equation, and almost no change in the Environmental Performance and Business Performance equations. Finally, when we use the evolution of shipments as a measure of business performance (column 4), the two first equations are, of course, not modified. In the Business Performance equation, the coefficient of FIT ENVIRONMENTAL R&D retains the expected positive sign, but is no longer significant. Interestingly, as in column (2), the variable STRINGENCY3 is no longer negative and significant, but the variable TECH STANDARD2 becomes negative and significant again confirming the finding that environmental policy has a detrimental effect on financial performance. Overall, the results of our preferred version appear robust.
Concluding remarks
Overall, the richness of this database has allowed us to assess the empirical validity of the Porter Hypothesis, through improved understanding of the channels of influence between environmental policy and business performance. In general, we find strong support for the 'weak' version of the hypothesis, qualified support for the 'narrow' version of the hypothesis, and qualified support for the 'strong' version of the hypothesis. The last two sets of results have important public policy implications.
With respect to the 'weak' version of the hypothesis, it is reassuring to find that environmental policy induces innovation (as reflected in R&D expenditures). Indeed, it would be surprising if this were not the case. Since environmental policy changes the relative price of environmental factors of production, it would be surprising if increased policy stringency did not encourage facilities to identify means of economising on their use.
With respect to the 'narrow' version of the hypothesis, the finding that more flexible 'performance standards' are more likely to induce innovation than more prescriptive 'technology-based standards' has important implications for public policy, and supports the trend toward 'smart regulation' found in many OECD countries. Performance standards induce innovation by giving firms the incentive to seek out the optimal means to reduce their environmental impacts. While we do not find this to be true of marketbased instruments, this may be due to the fact that, in practice, such measures are frequently applied at too low a level to induce innovation.
And finally, there is some indirect support for the 'strong' version of the hypothesis through the finding that environmental policy induces investment in environmental R&D, and this, in turn, has a positive effect on business performance. However, the direct effect of environmental policy stringency on business performance is negative, and greater in size than the indirect positive effect mediated through R&D. As noted above, this may mean, for instance, that a large part of the investments necessary to comply with regulation represent additional production costs, such as through investment in end-ofpipe abatement. In terms of the PH, "innovation only partially offset the costs of complying with environmental policies".
